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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a hard coating for a cutting tool superior to a TiAIN film in abrasion resistance. 

SOLUTION: The hard coating is constituted by a compound expressed by (Alb, [Cr1 — aVa]c) (C1— dNd), where the symbols satisfy 0.5< 
b<0.8, 0.2<c<0.5, b+c=1 , 0.05<a^0.95, and 0.5<d^1. Alternatively, the hard coating is constituted by a compound expressed by (Ma, Alb, 
CCr1 — aVa]c) (C1— dNd), where M is at least one selected from the group consisting of Ti, Nb, W, Ta and Mo, and other symbols satisfy 
0.02<a<0.3, 0.5<b<0.8, 0.05<c, a+b+c=1 , 0.5<d<1 , and 0<a<1 ((a) indicates an atomic ratio of M). However, M and a shall no be 
simultaneously Ti and zero respectively. 
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(57) [^^1 

imt&^mi (AK, [ C r 1 - « V „ ]c) (C 

1 h Nd ) ^) ^ ^ 6 ^MK^S^T- o T , O. 5 b =S O . 
8. O. 2 =g c ^ O . 5. b + c = 1 . O . O 5^a^ 
O. 9 5^ O. 5 ^ d ^ 1 (b, c tt-frtb-^tbA 1 , C 
r + V eoljfr-^irb. d ^N^Is^^-tb^^ a {:£ v <r>n?^ 

(ML , Alb, [ C r ■ „ V „ ] ,) (CicNd) />>fb 
7^ S £M^€J^ JJM^ o T . MtS^ T i . N b „ T a $3 

it/Mo j: t> te&m^^miR^*hz>'j??j: < ^ ^ 1 m~^&> 

<9 . O. 02^a<0. 3. O. 5^b^O. 

8. O. O 5 ^ c . a + b + c = 1 . O. 5 < d < 1 , 
O 1 (a f^M<7)J[m^-M:^r^:-r) ^^fci"J; 5 t^-T 



( 2 ) 

1 

im^tm i ] (Ai b , cc r . - „ v„ ] c ) (c 

O . 5 ^ b ^ O . 8 % 
O . 2 ^ c ^ O . 5 „ 
b H- c = 1 „ 

O. O 5 < a ^ O . 9 5^ 
O . 5 ^ d < 1 

(b, c (l^tl^tlA 1 , C r + VCOUfC^-tt. d 
Xm^-tb^r^U. a f3:V<7}jrjfr^-J:k;^^:-r o j^-Tf^ is) -efc 10 

im^zm^i (Mo, Aib, ccr.-.v. do 

Mfi. T i . N b „ W\ T a jo i T^M o J: t> 

O. O 2 ^ a ^ O. 3. 
O . 5 ^ b ^ O . 8 „ 
O . O 5 ^ c N 
a + b + c = 1 „ 

O . 5 ^ d ^ 1 % 20 
O ^ <x ^ 1 

(a, b, c (i^timM, A 1 , C r +VW^J;b, 

is) T?fe^» ci t ^^m^-r^>^Dm^Mm^MM&nm 0 m 
M^T i -e#>-^-C % « toffi;^ o co^^^i^ < 0 

[f#5^3K4 ] HufSd £0^/05 1 -efoSfW^:^ 1—3 «^ 

[ dft^RXM 5 ] ^^«a^^^-±fe«|i^§ySr^^i:-f--S ^ 30 

mtc m. s ^ j% ^ -s m wsl m a* 2 gj^±jf^$tL 
-r^^, ci <t ^^mh-r^>mm^LMmmm:^m 0 

[fW^^M 7 ] IW^rR i~6 cov^-r^L75^t^fS*feco5^M^: 
fl^to >t ffi * tcl f * ff^ Mild \ zl . ^±£#f^§y 3e £7} ^ fH 

^»l¥^^aS*R^^-2>^>=^ < ^^^^Kxv^r: 40 

<7} >t ^Jtfl ^ H*n . 4 Aj^, 5 Ai^, 6 A£$u 

Ai*5j;t>'s i «9 te&m^^mitRtsris&'p-fj: <iti 
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[fW^Rig 1 o] ^—^f -y h^^i-6^S«^J: 
[!f*^i 1] mjfs^^as^^Pn^p-ra^^-r r^«^ 

^7"^lt(^LT- 5 O V — — 3 O O V £ -T^fW^ 
JSi O ^fS^fe^^^Udl^^^^^i^coMSS^-fifeo 

[Btf^^M 1 2 ] ^flM0#comrfSM^Si^^^^ 3 o O °C 
£JL-k. 8 O 0 0 C^T<t-f-Sff*3i 1 filial 1 ^ffiiKcT} 

O . 5 P a J£A_h. 6 P a ^ T" ^ "T ^> f*^^ 1 O — 1 2 COV ^ 

[fW^^g 14] A 1 „ C r *?J;l5V, ^/^f^M (M 
Ti. N b , W N T a joJ;t>'Mo J: 
K$tl5'>^< IS) „ Al. C r ^5 J^O^V^^t^ 

[f#^Jm 15] (A 1 > , [ C r . - * V „ ]. ) j&* «b ^ S 

O . 5 < y < () . 8 . 

O . 2 ^ z ^ O . 5 % 

y + z = l % 

O. O 5 < < O . 95 

( y , z f^-^r^b-^r^A 1 , C r + V c7>Jfjfr^- J:h U % (3 

[fW^^m 16] (ML , Aly, C C r . - * V ff D » ) 

^ ^?J:Z> f ^ h -Cfc-o "C % Mfi, T i . N b . W % 

X a ^ J: "C^M o J: 19 ^^>S¥/i'^5M*R.^^^)6l>^ < ^ *b l 

O. 02^x^0. 3. 
O . 5 ^ y ^ O . 8 . 
O . O 5 ^ z % 
x+y+z = l^ 

0 < /3 < 1 

(x. y . z il^il^tlM, Al, C r + V (TJj^^- J^t 

^ 3fiv^^Jt^^i- 0 mi^rm is) x-fo^ffM 

1 4 i^fB^tcT^SJI^^H^^j^ffl ^ — Sf s/ h 0 M^T 
[ffr*R*g 1 7 ] mJlBM^T i -efc^fW^^g 1 6 {^f5*g 

^$/$S^#^0. 3mm*lT'fcSff*I|l 4—1 7 



( 

3 

[If*I!2 0] Cu^Wi^o. O 5 W*%i^~F-C\ 

tvi g o . o 3 M*%J£>f."F-efc^>f#^JK i4~i 

[ ^ ^ ^ Jfc fft ^ ] 

[ O O O 1 ] 

MBtmzs <^Tjt-^ commute, je^^. ^^^^jm^^ 

t S t^ffcSo 

[ O O O 2 ] 

-ttS^ir^rg&tJl-s Ti N^T i C N N T i A 1 N^£go 

¥ft*m 2 6 4 4 7 1 O ^-td^H^^^xS i^JiTii 
A 1 cO^-^^b^M CJ£A-F\ T i A 1 NirfB-TD 5^ IS 

^ti^M^t^t^b, tufs^-^ ^^^fb4£>^*j 

-3-3fc^> 0 L^LW^ S iS^co^^iJ^-^^M^-fb^^O^U 
[ O O O 3 ] 

^fg^^O^U^SnJ^^^ T i A 1 N i *9 >b ^hZMJ^-C&?^ TT 
[ O O O 4 ] 

*JgKJ5fefl|£i f*. [Cr,-„ V, 3,) (C 

i - d N«i ) ^b^S^M^TfcoT, 

O . 5 < b < () . 8 „ 

O . 2^ c ^O. 5 „ 

b + c = 1 N 

O. O 5^a^O. 95. 
O . 5 ^ d ^ 1 
(b, c fe-^rth-ZfthA 1 , C r + VcDigT-tb. dfiN^ 

[ O O O 5 ] ^T^^^^f*. (M„ , A 1 b , [C r i- „ 
T i . N b „ T a t^M o i <9 S f¥ * o§ 
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*R^tl5'>5fc < i ^ 1 a^'fe «9 „ 5$^. 
O. O 2 < a < O . 3. 
O . 5 ^b^O. 8 % 
O . O 5 ^ c N 
a + b + c = 1 „ 
O . 5 ^ d ^ 1 . 

0 ^ a ^ 1 

(a, b , c f^-^r^b-^r^lvl, A 1 , C r + V COjfjfT^- £b . 

"C\ M/$S r i co^-^-^r^^ LV^^t-tS^N M/J- T i 
-Cfco-C. /i^O a ^ O tD^-^- ^ O V ^ T ^ , *t#Mi 2 O 

01 — 185464-S§-i U-C^feicn4#f^tBJ^^F^. ({&U 

^^na) -cjfesco-c\ ^mm^^^m< ^ t its (_b 

[ O O O 6 ] ^^^CO^O^iJIC^ffi^gW^J^^. S^, HU 

[ o o o 7 ] ^^^^Wco^ogUic^ffiseM^J^^f^. _b 

^^tLTV^St^, buBS 1 U< « 2^J£A_bcO^: 

4 yv^. 5 yv^. 6 a i joJ; t^s i i <9 ^ ^ 

[ o o o s ] ^^§0^^. ±.mmmiE.Mmmwj&:im&mf& 

Di:^ LXM^i^M^V^ L¥lf^ltft?)^a^JFM 

40 Jf^aizr^ i b i^^-^r&m-r & r. i tv ^ 

?f^tg tts 0 f^. ^ (o^^^mjfs^^asi'f*:{^^n^p-t-«>^^ 

T^^m-fS:^. — J^m-fSlt-^i' LT- 5 O V 3 o o 

V its ^ LV\ ^7^. ^WwWa^M 

(J£A"F. S«Jt^V^9^i^fcS) f^:3 0 0 0 C^._b8 

^jtfj^cO^/^^^if^:^:J±^. O . 5 P a J£A_b 6 P a J£A"F 
rolEirt i: tS ^ i ^m^L LV\ 
C0009] i^i. ^^^td^5ttS_bfas^^f^ i ^ 

50 go*H^. ^fl^^^^m^c^^^7^5ti^^^t>^^^i/^ 



( 
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^ o hi <t -r^>o 

[ o o i o ] j^c^gem*. A 1 „ C r feit/V, 
f^M (M(i N X i . N b „ W\ X a *3 ^ t^IVl o i i5 ^6 
< <b" 1 m) . Al. Cr^sXZ^ 
V^tb^«9. 5.o^|^«^ 9 5 %J^±T'fo5 ^ 

mhi-r^>mm&mm^m^ ^ b^^— ^ ^ 

b 4^^^^^^?L^^^ o . 3 mm^V^-efc 

[ O O 1 1 ] ituBS (A 1 b , [C r . - „ V„ ] c ) (C, «. 

cr>f&m{-l-±, h hi ^co^^£fib£^ (a l 

,, [Cr, v /; ],) 7i^^^^) t^co-efe^-c. 

O . 5 ^ y O . H N 
O . 2 ^ z ^- O . 5 N 
y H- z = 1 . 

O. O 5 S (i ^ O . 95 
( y , z ^^r^X-^^bA 1 , C r +VWM^i:h^L, /3 

[ O O 1 2 ] ^Tfc. ltfj gE (Mn , Alb, C C r 
, - „ V„ D c, ) (C, -Nd) ^^T.S^^P^<^5J|^ 

~C. -^CO^fe^^a^/jS (IVb , Alv, [C r 
. - /» V/i D ,) /i^^^^^c^-efc^-C. Mli % X i . N 
b „ W. X a £3 i tblVl o 9 ^> tb ^b^> 

< t> 1 ^-efc <9 . 2*^b 
O. 02^x^0. 3. 
O . 5 ^ y ^ O . 8 „ 
O . O 5^ z N 
x-by-hz = l. 
O ^ (3 ^ 1 
( x % y % z ti^^^tLM, Al, C r 

«H £ 7i>W b-V b 

[o o i 3] m ^mmcomwszmi-^^ tutsivi^ x i 

.b <b 7> . h(COV^t), mjISM^T i -T?fco 

~c. /j^jfufE /3 (73 ow^©^l^< -b <t <b -#-^, 0 

[ O O 1 4 ] sfe^ftiJlE^— -^bv b ^co^S^^-^^^ O . 

3 ®*%j^T"-e. zK^^t^*/js o . o 5 5€*%^T"-cfc 

l£L.<. StCuttt^O. O 5 5C*%J!^T'~e. Mg 
-a o . O 3Sft%J^T-Cfo5ii:^^LV\ 

[ O O 1 5 ] 

co-r-e. cb <om*^t~ ^:^m--r ^mm^iM.mmm 
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mhi i^-cj$:m<m>Mm&imifrz> £ 9 wwm^^ l. 

< r*]_H-r ^> r. <b ^jLtib b,7t 0 

[ O O 1 6 ] ^tLX, ^rco^iS: £ U~C (T i A 1 ) (C 

n) mcoA i ^^*5.b -c^^rc^mc^mm^m^mm^^mm 

[ o o i 7 ] ap-fc,. ^^^CD^JC^flll^ f^. (A 1 b , 

O . 5 < b < C) . 8 . 
O . 2 < c: < O . 5 . 
b H- c = 1 N 
20 O. O 5 < « < C) . 95. 
O . 5 < 1 
( b , c fl^il^A 1 , Cr + VO^j;^ diiN^O 

*itf^ (Ma, Alb, CCr,„ V„ D c ) (C .N 

<- ) ^^^^^)5iEW^:^-efc^-c v Ti. n b . 

W. X a Jzt^M o J: «9 ^ ^ m*R £ & ^ t£ < hi 

t> l ^~rrfo K> . A ^^3. 
O. O 2 < a < O . 3. 
O . 5 ^ b ^ O . 8 % 
30 O . O 5 ^ c N 

a -h b H- c = 1 % 
O . 5 ^ d ^ b 
O ^ a ^ 1 

(a, b, c H^rtimM, Al, C r +V(DJIT-i:k, 
d ^^COfm.^^^^ a ^ VCOJfjfC^bL^-^-f-) ^-YfgfT-c. 

Al. Cr. V. C fcit/NCOm^^m^ U7tSEta 

[ o o i 8 ] mi hex i a i t>s 8zmtemmmmm<nmmi-c- 

40 t9 . ^i&m^mcOT i NWT i COi^W h tCA 1 /j^^^l 

^J^tm^^JcO A 1 N (*&^^4. 1 2 A) (^i^?M.r^bb 
. ^W^«L^^^T i A 1 N^tOA 1 COjrb^S 

^rriib^^f^b strSEx i a i iss Btm^mi^^ ^ ^ ^^&t>^ 

a i Nf*. ^?ru^£b. r^^^tb-e^2p^^g-efcs -n <b 
^^e. v^^ftoTA i tsi m-i&c^ &:m^m 

)$LX ia^f^l#:«3feZ n S^A 1 NCD^«$ 

50 ^^«5^^yc^A 1 Nli^$ti^V> 0 i^^-e. x 



( 5 ) 

7 

CO A 1 N hi ^^F-T^m^^S:^ ^ hi ^ „ X i A 1 ^febR 
U"C^^t:#5^?f$^c-r ^ ' ^ J: oT N T i N(7)t#3t^A 
1 N^S^| ^^^^-c^-i^^^^JfT^X i A 1 NflHsfc^if^: 

(x i a i ) (cm) ^> - /js-e^r ^ co-efc 

^>o U/i- L^?^ tbtufB^^g-Cf^:. X i A 1 N^(j"6A 

1 (^irt^^J^^-Jrt-eo . b ~ o . y^^x.^>ir. *fcft^ 
z n smA 1 N^^ftH^^^^^^^^-F^^ i^s ^ hi 

^r^^tirv^-5 0 ^^Lf*. a i Wkm.^tHh < hi^m 

t^it^W T i N J; 5 ^ I ^ < ^ f5 ^ iftfc«7t£ lO 

Z n S^»A 1 NcT^^/jS^^^/^^^^ hl^XL 
Z> 0 - -JJ. C r N^VNfi, T iNi^^f^tl 

SJ^A 1 N {ZL^^^m^^S:^ ^ ~ <t <b (A 1 N : 4 . 1 

2 A^>?t X i N : 4 . 2 4 A. Cr NT $3 ZJ* V 1ST : 
4. 1 4 A) . T l A 1 N^WT i r , V{^^i" 

[ o o i 9 ] ^e^-e^&^-ef^ ^-r. i cnmmgtm 

hi U"C. T i(D^!9(IC r <bV^«bfc (A 1 , C 
r, V) (CM) Jlllt-^V^-C. HUfB^I ^^^^Jj^^lM^Z 20 
PSt^^^^-^-C. ^^M^A 1 N^tFfffi^^T, rfiFi A 

i ^^-efc o -c ^-^^^^^^^ ^ -r e jF^fl^^?f^-r 

[O O 2 O] -^:cr>^M. -ttE3 I ^ iZ^^JP: &^f£b 
^■tira^tt, C r +V(7)^l:bc ^O. 2a±T'0. 5 

t-r z>>j&m^&?z> zl hi ts a 1 

ig£P £^^^±^#|i^!iCD A 1 NcT^Jzb^^r^fe^) i^f^. HU 
fSC r H- VCDjifr^-^fc: c CT> _t_m%l O . 4 hi ~T & ~ hi 7$$t&l£ 

f^. _tfE (Cr-hV) < hi „ t&^-T^mi)^ 30 

mi^OAl NtifiV^ (CrN + VN) ^ _tiSE3 I 

%i2^^JII:/$ s 'J-£ < Jfe* ^ i: Cr + VOMi 1 i:l:c 

co-FPS^: O . 2 3 tt6 ^ 7$Wl£ LV\ 

[002 1] ^L/h. (C r + V) ^r 7 CD V COlf^-f-.tfc a i^fP3 
U~r C r N hi VNtJ^^t^iJ^ 1_ < . C r £r 

^ir^-e^ v ^mm-rz> hi ^^^wmv^m^-cmmm 

i"9Cr i3J:u?vcDi:b^^P^Tti(lJ;v^^^ tjoNIUxiJl, 
\^^mm-<7>¥r'&&mtem^--C^^Z> ^ l^cd 40 

~C\ a CDXPH^* O . OS. _t[5g^O. 9 5 i Lfc„ a CD 
"TPM^ £?l£U<f;£0. 2 ~C\ J; 9 U < O . 3-C 

«9 % a CD_t|3Sf±. £?;£U<f3:0. ST? % J^ ( 9$?^U< 
f * O . 7 

[0 0 2 2] A 1 COJtJK^?-.fct b (i v tuSB (Cr+V) c^HfC 
^T-Jrt c (O-fiftt^ «9 ^)^>5. A 1 c7}.tb^7i>Mx^-f-^^ 

i: . ^i^it^cOA 1 Nc75^f|±iS/j^>/^ < P^SJI^-fbcO^b 

^r76S^# ^^/^V ^f75-C\ A 1 CDm^-tt b f^-TPS^ O . 5 hi 

ffrSH b <7}-FI3gf3:. $?^L.<{*0. 6 -efo 19 . Ji V 
%Tl£ O . 6 5 -C 0 — A 1 cr>m^-££cr>J^m 50 
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O . S ^ U^-^f^;^ Al ©Jt$/5^^t^^.i:, ^1^" 

J: <9 ^^/jS^^b^^ /j>tb-efc^ Q A 1 com^F-tt b coj^ 

$?^U<f-±0. 7 7 Tfc <9 , J: «9 U < O . 

7 5 -e ^) 0 

[OO 2 3] £ ^{Cl^:^P^-e^ v ^ 2 WjgfC^JJfl^ 
~C. CrN*3j:U«VN (^^-aE|^ : 4 . 1 4 A) 4^^- 
^^(T^^/jr^^-fb^^^^-r ^^r:*M ; T i (T i 
^S-^-^m : 4 . 2 4 A) . Mb (NbNO^^t : 
4 . 3 9 A) . W (W, IS! (7>fe^-fcm : 4 . 1 2 A) . 
Xa (X a N60 4 . 33 A) . Mo (M o , NT CTy^^-J^ 
m : 4 . 16A)£-Cr.V ^ ^ -tir ^> hi X 

-c. ^a 1 mm.^x^^mm.^{zLm^, ^^F-m^co^MM 

[OO 2 4] ^ a^m\^ <JSA, Al, Cr, V) (CN) 

flut^-c. c r nu vn hi^^^m^m^&miki&o&mtfz 

-T^^mWL hi U-TT. X i . Nb. W. Ta^it/MoJ: 

o. o 2 tra^S^fc^, ^^U<f*. O. O 5 l^_h 
[ 0 0 2 5 3 - . MOOj^^-tt: a ^-^#-^-^r ^ ^ , c 

^ . a 1 -a ^-a^fwj — -efc-o-c ^NicoJ^t^oo^v ^n^-e 

Z n S MA 1 N£S#f£±j U--C^il^/jS4^W^b-f-^ 0 
~C\ McO^^-it a COXiPH^- O . 3 <t Lfc D MtD^ta 
cO_t(5Sf^:. ^-^U<(^iO- 2 5-Cfci9 v <i «9 jtf* U < 

0 . 2-Cfc^) 0 

[ O O 2 6 ] ^mJ^lhl LTT i . N b ^ f~± X a 

^^^Jt^lg]^) ^1 hi TbZ-XS^f & ZL hi 7^«b£?l£ U < . hi 

iet i, Mb. ^/^«x a ^i^-^ m%&-v^tin-$-^>m. X 

1 <t N b , XiirXa. Xa <tNb^fc{±Nb i:Xa hi 
V^ofc -Z^mcrym^^-^^t^, X i . Taioit/Nb t 

v^ofc3 5S^c7>^a^^^-^-e^*p-r ^> ^ ^ ^W^ft-efc 

-^¥rk^ttLm^imfc-$- Z> ^^^^P*co^ 

?^V^5tj^7i> s . ^JtTO. 05 a ( a f ~± ^ ^ M CD Jl^ 
i:t) ^Jl^*i^TV^S ^ hi ^ttf-gi U < . i«9$?^U<f* 

o . la j^_h-efc^> 0 

[OO 2 7] Cr v V^HLXti, J^^COiS^. 5 1 ^ 

cot^^^/^^^-efc^ ^ ^ 75^^. ^mmco cm, a i , 

Cr, V) (CN) fl^(^^otT^) (Cr+V) CDjifT^Xb c 



10 



co~Fm& O . O 5 <t Lyt 0 *?^U<f*0. 1 UA_t~efc 
•9. i «9 U < O . 1 5J^±T'fc5 0 f^. _hfS (C 

r+V) ma$<p-*£< hl^ ^T-^W^^«WA 

1 NtCigV^ (CrN+VN) tJL <fc ^> Jbf£3 1 ^ ^^^jJH:/^ 
/J^ < ^ C r +V(DM^-i:bc(DTPS^O. 

2 3 tt^'i /S^?^ 
[0 0 2 8] ^/t. (C r +V) ^CDVcDM^-^atCM 

U-Cf*. C r N t VNT^«t^(5IS^ L< , C r fit 

O. 3 -CZfoSo ;£7fc. a£75_hP^^O. 8tt5'<t^f 

[ O O 2 9 ] A 1 £7^X^^-J:b b c7}-F[3g£r O . 5 U *Z. CO 
fi. A 1 COth^^^J-^-r ^ ^> ^ . ^-±^m^^(7^A 1 N(7) 

O. 6 5 ~C <fe <5 o — ^f. A 1 cr>m f ^£k<7>_t.m : & O . 8 ^ 

< Jfc <0 . -^rco^^, $M^Z n S^cOA 1 N^ftli^ J; "9 
f*. U < f± O . 7 7 T*fo »9 , <fc <9 l£ U < f3: O . 7 

t o o 3 o ] mmm 1 ^m^ii^j:^ 2 cozMW&nm 

N b . T a ^r^JJD L/ci^(DT i C . N b C . T a 

<7^ TS55n^ ^^nt:^ &m m ^ -ttr-c gznmcofMm & « ^ ^ 

£k) *^SulEM2 (7^^W^^^f^lVl+ V cr> 

wimm (m^-f-kt) himmmm^^^^^ - hi ^m^. u 
v\ u/i^u^^^^ c &mmuz.mim-r z> hi . zk^^b^s 

IBjl 11) + /fi(200) -h /g(220> 



20 
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tB ^-fcir^ ^ hi l^tz&co-c^ ccom^-kk ( l — d ) O . 

<fo^> 0 d(±, O. 7 ^_h^*5^> CI l, < „ 

tL<ftO. S £A_h-Cfo *9 . d=lM^^ftt)M*L 

[O O 3 l ] fSj. ^HB^cD^KSBI^MfaP^fi, 

Eit^t^ j: v m\^£ i^rd^^mmm hi z n smmmcom-^ u 

[o o 3 2] gptb. _l ts^-^+n ^- 3: <^ -r s 0 ^ 
^^f^;. 9 — 2 0 i & Kimm&f {zLi&rt z>^mmm%: 
^-r tf — ^c7)5^, ( 1 1 1 ) as. (200) ®, (2 

2 0) a<7>t°-^ ^^^^r^-^^. IB (111) „ I 
B (2 0 0). IB (2 2 0) hi Z n S§y«3t$r^ 

tt-^w 5> (100) (102) (11 

O) Scot 0 — &5&gE&^r*v^?*v^ I H (IOO) . I H 
(102) . I H CllO) hi tcm-B- 1- ^ T"fB5t 
(1) ©ffi^O. 8 <t ^ 6 J: 9 - t $r 

o. 8^^^/^^, him^mm^^mm-^^^- lv> 

tOO 3 3] MffiZ n S^M«t-^^J*fi, X^EI 
«ft^TC u aa$rfflV\ (IOO) M^2 0 = 

3 2 0 — 3 3 0 -fa-iffi. (10 2) ffifi 20=48° — 5 
O ° i^ifi. ^ (1 1 O ) m& 2 0= 5 7° — 5 8°^ 

ifitdim^^) t c — ^ co^J^^r^JJ^ LX?R^S 0 r^K ZnS 

M<^^f B ^A 1 N 7^^££-T?3b^ 7^. T i % V. C r „ IVl 

o . t a % w^/o^?m^'r^> hi^ mm ^t^^> z n s m a i 

Nc7^t: c — ^Ma£»3:. J C P D S — V<F> Z n S m A 1 N 

co ^ utm hi ^Tftis 0 

[ O O 3 4 ] 
[iCl ] 



[O o 3 5] ^mmcoj&mhi LTfi. _hfE»4^^-^JS-#- 

^'1-^ (A 1 , Cr, V) (CN) ^7^^ (IVt, 

A 1 , C r , V) (CN) >tS-fIU^fcf*f^S^iJ^. 

[0036] f^> ' 'X'l/^ r^i^^^^^^oo^^t* 



< 1 ) 



(111)®. 

B (2 2 0) hi 

(100) 



O) (2 2 0) ^ ^ 

(111). IB (200). I 

2) CllO) ScDt-^M^-^tim, 

(IOO) . IH (102) . IH (llO) hi 
-a-id. _hfS^ (1) ©ffi^o. 8 £A±l h: S 5 'fe^^ 

&mm4£®9mT£*Lte&mm^4£®9m hi u-c. ^j^l^t i 

N > T i A 1 TiCrAlN. TiCN. T i A 1 

CN. TiCrAlCN. Ti C ^ CO^B^/OS^ ^ ^ tT. 



(20 
I B 

Z 

( 1 o 
I 1 1 



( 7 ) 
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[o o 3 z] ^mmc^wm^iMm$MiW£zmt-±, nuts i m 
wwi^. 4 j±m, sm, e j^m, a i fc^i/s i ^ t> 

^ &m?J-^miR £ *b<3 < hi ^ l ^co^M^r^O^M 
=t < . RutB 4 AK, 5 A.^. 6 A^cD^Mt LX, C 

r „ t i „ n b m^mt-fi^rL, hi u-ct i — A 1 ^ 

?rfflv^ d hi 

[O O 3 8] _hfS (i) L J.ot@5 10 

t-M^-SffcJBI^ (ii) ^4^^^§y-C^^-CmJfB5^«^ 

t^te&mm^kmm. aii) 4 ak, s 6 a 

Alioit^s i J;<3^5»^l^$ti5^<i 

O. O O 5 ~ 2 At mW^|i^^fetl(iJ:V^\ ^ZSmcO 

2 O Aim^TOftHrtirl-S^i:^^^ tv\ O . 5 M 20 

1 At mJ^±-C 15/2 mj^TT*fc5o 
[0 0 3 9] A 1 cO / mj*it:^]S5< -C^f^^^i^^ 

-^^rfZm-r^> ZL hi /j^^-C^ ^ ^ d i: ^ BfifS^^L^.^ 

[ o o 4 o ] r^. ^^m<7>rfzmjjmt-±. ^mm-n-m^-r 

Lfc (A 1 , Cr, V) (CN) 
£?Jg|^tfLr± (Ivl, A 1 , Cr, V) (CN) ^fl^<Z)J5jcfl^ 

[004 1] -T—S7^< ^">-^L- — (A I P) ^ 
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[ o o 4 2 ] a /^^co^Sco— 0-iJ £ U 

[00 4 3] -(DAiPitd, A:^^^v-r <5^mn 1 
1 J: l/#fflM^^ ^"^« P 1 2ir^r^-^- 

^t5^3i, ^cD^if^ 3 hi TtufSj^^^ 1 £ 
[OO 4 4] MI2T-^^«2fi. I^^^r«^c-#-«, 

^~^jy h 6 i: „ ^o^-^i/ b e hi mm&mrfc-r &m 
if§^ ^^a^w^ifi^ ^ ^> mjjm ^ mr$L-r z> 

t^lfro^^icfcv^KM^ 1 o g 

[OO 4 5] SJ2f^. «PJco»^i±ti-5T-^^ 

m-lfcrfL^Wt hi V.-xicnm^B 8 ^-^^ hewlUBs 
9 J; 3 ^Ifig^tLTV^ 0 ^-^-^^^^S: hi U~C 

mrfs^^-^ps ^-r. =L^j\,hi =n^jummhi &m?Lt^ 

^ t9 Iffl^L? J: 5 (^SS:ii"-C f^K El 2 -Cf*. ^r~-v i^/< 

— ^yy— Kir U/^/j^ m^^s? — ^ ^ h {RUStu^J^r^ 

[0046] f^3. E14 ^^-T^£5fcGO A I P^S<7)7- — ^ 
x^^^^ 1 O 2td^b. T — ^m-m^i ^ — ^f ^ b 1 O 6_h 

^ -li: S *^ co*^^ l o 9 ^r^^i^ t^co^fea 
t^s. mm*5 1 O 9^^ — h 1 O 6 co^mij^^m u-c 

mm hi w-^ hi v . m?Dm^m^mifrw(7>5&^^i£-v^ 

[ O O 4 7 ] *^P^T-{ifflt?. A I P^COT-^it^ 
[ O O 4 8 ] ftufSE] 3 (C^i-J; 5 t^. ^fflTH^Lfc® 

m^-a-ticmjf ^ ?tmm,-r s mm^-^m hi mm-r & 
x -=> -c tfznmjf ^ ?r-zf mmm 4 ^tt-5t¥ 

5feco^^a^ 1 o 2 -ef±. myjm^^—-^ ^ hi&mi^m^ 
rL^r-d^^ Aim^miz. l r ^ ^ tL^^^^" ^ w ^ ^ x 

^ -e f-i 37° ^ ^ ^ ^ ^ /js ^ k> ^gv^^^i ^o-rv^§ 0 d 
^bt^^j- u % in 2*5 it^n 3 t^-r^^^pjT^ffl-rs 



( 8 ) 

13 

[ O O 4 9 ] LT^Wil^^-y^ h^ffiid^J^S^ 
*3Jzt«*5 (^^LS&^r) iS^^^-^^^^r^ 

<^^4tS ir^-^L^^x^o US 5 f^; ^ J; 

<T> (T i A 1 V) (C N) ^i^SlL/ci: ^ co^^co^S 10 

-^t^lOOA, ^^^cO/±^|^2. 6 6 P a . 
S+JZ |fig^5 0 0 0 CiU (^^S 

AO co^-f T ^m&^ 1 O OVi LTl^o f^k ^-T7 

^m^tci^j- u-c/<-r ~r ^mi<L^— i o o v-efos ~ t & 

[0 0 5 0] ^^H5 (1) i^^j< ^ =t 5 t-. ^2^5"^ 

-A. I P^«C75^^M^^J5r£U^^]g^Sf3_ 

S^^^CO^^^^TB^ L^«(±, m 5 (2) 

^ffifd r-^ ^ trr/°— ^ P/X^l hi P^^TuS?^ 

[O O 5 l ] «fi#wSH t;i£p-5T-t-;g>/-W 

7" ^.m/E 5 0 — 3 O O V^H^fc^^^^M^ L 30 

V\ %j hl^h ^S^m^M^A 1 N(t, ^?M.^TJFE-Cf±^^ 

^f^^^- ^j-^-fb-f-'g) hi ib. 7- ^-m/E^r^P 

^7^miE(i3 O O Var^-r6r < !r^^^u<, <9 

£?*u< r±2 6 o vm~F-c3bS 0 ^im^^^co a 1 ntt^ 

7 O VUA-t"C? 2 O O VJbAT t "t" S d hi 

[o o 5 2) ^Tt^^p^-e^. Bzmmt&mcnmm 

3S<$0 3 O 0°CJ^_h8 O O °CJ^~F hi ~T Z> 

7JtMi^LXV^5 0 M]6f3:. — ^Oi:U-C (T i o . i A 1 50 
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0 . , c r o . , v. . . ) isi gzm&j&tfz \^tc&f<nmm (%&&±m 

-Cfc *9 „ j^»(7)£^^-Y7^mffi^ 1 5 O V, ^5?f 
^ c^&Jj £r 2 . 6 6 P a <b L.-C^^^^^^i^cO-efe 

-c. co ~f f-± 3 o o°c ^ -<r S ^) /J- 

$?^U<. J:9»4L<fi4 0 0tT-fcS 0 — 

K) U < J3: 7 O 0°CJ^TTfo5 0 

lo o 5 3] lEi^^¥&m-Vl^ f&m$2fcr>ELlfcJ3 ^-(^^m 
*7t^^:/i^r O . 5PaJ^±6Pai^TO|E[i<i:t5r 

ntimcox. y i^mmzr^^* & yjj^ hi^^^r^j^nm^^.^ 

^ 1/ t£ hi &>Wi ^#^^^^7^>^ hi/^^VM\ 

*S r>7- h^f^cDp]^^fflV^±^^fi, I^JfcJf^ 

^C05>JE^7tf^:^JE^ o . 5 P a *tic7)ij^{-{iv ^ - - 

? ^ i&—f y va^mm^ i>^mi-f&m^~r;Bzm<?>m 

ffiffi^/j^^ < ^ *9 . ffl^^ «t o T C 5 r 

/J- B P a &lJfc2r^7t>s&— Jf~y hmrft 

m^-^mmm.^ 1 - himm uTM^-f-^a/j^< ^ 

^co^-/£^^^^:JEEf^;. "FP^^ 1 P a <b JbP^^r 5 P 

1. 5 P a U % _hPS^4Pa <ir-f?)^<tXfo2) 0 

[o o 5 4] ^^e^-ef^:. tfznmj?mhi lxa i p ^t^-o 
^s^iS^i-LS^^^-^-efc^i^. a i p^tdpg^^^xs 



( 

15 

[ O O 5 6 ] ^-T. &—^fy hcTHBtttmm&r 9 5 %i^_h 

Cl hi /jS5>/j-^/^ 0 Hp-tb. ^ - - 
^ y h co+g^f^^/js 9 5 o /o =^ mi ^ ^ ^ & ^-+f -7 

[0 0 5 7] &—+fy hc^m^f^J^f^ 9 5%i^_t-efe-3 

~C*>. &—tfy V ^(c#^-ta^7L/j^^v^^^{^ 

w^u/c.<hd^. ^^Lc^^m^o. 3 M mj^±^^at^ 
m^^ft^f^M tb-r ^ ^cm^^/j^^^jg ^ ^ <5 cc £ 

<t> £r O . 3 >u m^tfSK £7-* U < f;£ O . 

[ o o 5 8 ] a i p m^co^^B — ^ v^^-e^. Ys£ 

isa^^^^m ^ CL. £ ^ — ^ ^ h^^^Mj^U^ 

g^J<t-t-^)^M£^^^Ja^;i: [53— Ci i: /j^j-^ u 

^ja^fe^^ (ai„, [c ri „ v „ ] c ) (c-dNd) -e^^ 

h <b LT, (A 1 y , CC r . - « V fi - ] ,) ^> Z> ^ (/> 

O . 5 < y ^ O . 8 „ 

O . 2 ^ z O . 5 „ 

y -+- z = 1 , 

O. O 5 ^ )3 ^O. 95 

( y , z (i-tn^A 1 , C r +VC7)M^J:|:^L, [3 

(ivo^^j:h^^-r) a t.^ &m ^ a* <t 

[ O O 5 9 ] ^t^m^.^ CM, , Alb, CC r 

Sri^^-r^^^fci^. &~y*y V hi L.~C. (M, , A 
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O. O 2 =^ x < O . 3 N 
O . 5 < y O . 8 . 
O . O 5 ^ z N 
x-hy-hz = l % 

o <; /? ^ 1 

( x . y . z ft^rn-etLM, A 1 , C r + V J^^-Jzb 

[O O 6 O] _hfS^— h<^^M^^aJ£ UTV^T 

^M"»*€-te75S^^^^M^^ c: hi hi L.^ 9c 

&—tfy h^F&^mF&^ttiZLl-£^^^/j±&>Z> hi , 

20 hi t£ t> . Cti#^l^l^^^[; L^-C^^T-^^M^^ 

[o o 6 i ] wn-^mmm- y hommi^m 

[O O 6 2] -^rcT^M^:. 7X^*5 J: XJ^mm^^ —tf 

30 h^ic^S^-a^tLT^ai:, rSLmm^f— y* y 

^^T-tci^M^^^v^ci £ 7$s^£^^o t^^-C. f—tfy 
V ^i^t^^a^Sii O . 3^*%J^-F. tK^(^; o . o 
5 5C:B:%J£A-F N ±g;^^0. 2 W*%J^~F tc:^^ ^ co^s 

"F. tK^^o. o 2W*%J^"F. m^^o. O 1 5®i 

[oo6 3] ^itc j^i-x, — 

40 y V &m^^ ^Wim^tm^A^ A l . C r *3J:I^V ^ «9 

^7L/jS^^^^x n ci^^/^^^/jSX^E]^^^H#c75^mt^ 
^76-^^^ i: c7^-efe^ 0 t£^-c % y-—tfy V tpl^^ 

^rL^>m^^^mi-±, o. o 5s*%WT(-}i}]x.ac<t 

^>s^^ i_< % j: {9 u < t^o . o 2 W*%^~T"efe 

v^s/^^co^fifi, o. o 3fCa:%J£A 
^ x.ac <h2S£7-i£ u< . i ^ £7-ife U < f^; O . O 2 M 

50 [ o o 6 4 i ci com^^m^co^^m^^^m^m^-r 



17 

[ o o e s ] hi ^^>-xr^mm^. ^—^^hcomm^m 

V^*, A 1 VM^^f— 
(C I P ^g) $>6^ f^!T^5l3if#^K/±^D/±^3M (II I 

loose] _t.mc7>mi^ i^-cm^m^&mm i^r^ 
^ v yi-^^s (hp) \zl-c&— tf-» h&mm~f- 

*^rfflv^T\ c i p^aa^H i p^a^tofc <9 „ 
utfrfs^^-fb^^^ffl v^x c i p^si^^cf^H i p mm 

^9^»feT*«, ,m^c^*tJ- -/jr ^ ha**#^;tx£> <t 

^ ^^ij^/jsfc^) ^ coco, ^^^^^sni^^^-efe^ 

[ O O 6 7 ] 

^mzl-f^ CO-T?f^?^ < „ fttf • ^fSCO^^-iZliS^ L4#^>*& 

tfflXii^^^M^D^L-t«t-6 31 £ t Fl^Tfc <9 . t 

[ o o 6 8 i imMi&] 1 3 iitjfEiip i id^-t-A i p mm GO 
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>?7 V— KtCl [Al , C r , V] l£ CM (T i % N 

b „ T a „ M o 1 @^_h) , Al. Cr, V] 

>M^~C^--^ >^ — P^cO/±^ £r 2 . 6 6 P a (ILTT-^ 

(^AOiSf*:) f -^-^m<^ ir^e^J:^ l OO—l 5 

[O O 6 9] /5&J|f£#t-TtgK fl^-P cO^M^5>#M^. S^co^ 

g«t7^ 1 a t %J£A 

~F~C\ 2 a t %^T"CO U^UT*fcofc 0 I^CO^e^ 

+»5^{^X^Is]tff tr.i <9 [e]^ Lyt 0 mjfSsC (1) co«3;. 
tuizeco J: 5> tdX^lHl^^^f--C C u COK a^^ffl^T^ 

l^l'JW :SKD61 (HRC5 O ) 
^N'Ji^J^ : 2 O O mX5> 
^Di^ <9 : O. O 6 mm/^D 
Wi^O «9 : 5 mm 

l^Jj^ m K> iA^- : 1 mm 
mimM : 3 O m 

^cT^Ytti : ^ *y y V . K ^ ^7 .v h . x7^o- (7)^ 

m^c ( i ) ^^xjim mmm ^mi m u r^mmm^m & m 1 

~ 3 iZL7jk~f- 0 
[ O O 7 O ] 
1 1 



mm 

No. 






✓ Y~mn 


z cm 






sec i d com 


mm 

CHV) 


( v. m) 


Ti 


Al 


Cr 


V 


c 


N 


1 


D. 4 


0. 6 


0 


0 


0 




B 




2800 


45. 8 


2 


1 


0 


0 


0 


0 




B 




2400 


98. 9 


3 


1 


0 


0 


0 


0. 5 


0. 5 


B 




2700 


54. 9 


4 


0 


0. 4 


0. 3 


0- 3 


0 




B 




2600 


66. 3 i 


5 


0 


0. 55 


0. 2 


0. 25 


0 




B 




3020 


31. 4 


6 


0 


0. 65 


0. 2 


0. 15 


0 




B 




3050 


29. 8 


7 


0 


0. 75 


0. 1 


0. 15 


0 




B 




3100 


27. 5 


8 


D 


0. 85 


0. 07 


0. 08 


0 




B+H 


0. 2 


2500 


80. 7 


9 


D 


0. 55 


0. 01 


0. 34 


0 




B 




2870 


40. 5 


10 


0 


0. 65 


0. 34 


0. 01 


0 




B 




2850 


41 . 9 



[ O O 7 1 ] 



im 2 ] 
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19 20 



No. 






St< 1 ) CDQM 


\rtvj \ 


f mm ml 


' 


A 1 


Cr 


V 


c 


N 




1 1 


0.2 


Ta 


0. 4 


0. 25 


0.15 


0 




3 


= 




7q' f 


1 2 


0. 3 


Ti . W 


0. 4 


0.15 


0.15 


0 


— ] 




\ 

J 


2550 




1 3 


0. 5 


Ti . Nb 


0 . 4 


0. 05 


0. 05 


0 


— ] — 


B — 






g 


1 4 


0. 35 


Nb, Mo 














1 


2700 


54 9 


1 5 


0. 08 


Ta, Mo 


0. 85 


0. 03 


0. 04 


0 




B+H 


0. 5 


2450 


89. 2 


16 


0. 1 


Ti, Nb 


0. 55 


0. 15 


0. 2 


0 




B 




2950 


35. 3 


17 


0. 2 


Ti.Ta.Nb 


0. 55 


0. 1 


0. 1 5 


0 




B 




2900 


38. 4 


18 


0. 25 


Nb.Ta 


0. 67 


0. 05 


0. 03 


0 




B 




2950 


35. 3 


19 


0- 14 


Ti . Mo 


0. 63 


0. 1 1 


0. 12 


0 




B 




3000 


32. 4 


20 


0. 07 


Nb.Mo 


0. 7 


0. 12 


0. 1 1 


0 




B 




3005 


32. 2 


21 


0. 1 


Ti. Ta 


0. 76 


0. 07 


0. 07 


0 




B+H 


0. 9 


3050 


) 29. 8 


22 


0. I 


Ti , Nb 


0. 7 


0. 1 


0. 1 


0 




B 




3100 


27. 5 


23 


0. 28 


TI. Nb 


0. 65 


0 


0. 07 


0 




B 




3000 


32. 4 


24 


0- 28 


Ti. Ta 


0. 65 


0. 07 


0 


0 




B 




3050 


29. 8 



1 -- ^^m^mT&co^^moiw^ttx^M^m^mm&mtt 



[ O O 7 2 ] 



im 3 ] 



mm 

No. 








5£C 1 )eofiSL 


mm 

(HV) 


< m) 


T i 


Al 


Cr 


V 


C 


N 


25 


0. 2 


0. 4 


0. 25 


0. 15 


0 




B 


1 


2600 


66. 3 


26 


0. 3 


0. 4 


0. 15 


0. 15 


0 




B 


l 


2550 


73. 1 


27 


0. 5 


0. 4 


0. 05 


0. 05 


0 




B 


1 


2400 


98. 9 


28 


0. 35 


0. 6 


0. 025 


0. 025 


0 




B 


l 


2700 


54. 9 


29 


0. 08 


0. 85 


□ . 03 


0. 04 


0 




B+H 


0. 5 


2450 


89. 2 


30 


0. 1 


0. 55 


0. 1 5 


0. 2 


Q 




B 


1 


3000 


32. 4 


3! 


0. 2 


0. 55 


0. 1 


0. 1 5 


0 




B 


1 


2950 


35. 3 i 


32 


0. 25 


0. 67 


0. 05 


0. 03 


0 




B 


1 


3000 


32.4 


33 


0. 14 


0. 63 


0. 1 1 


0. 1 2 


0 




B 


1 


3050 


29.8 


34 


0. 07 


0. 7 


0. 1 2 


0.11 


0 




B 


1 


3055 


29. 6 


35 


0. 1 


0. 76 


0. 07 


0. 07 


0 




B+H 


0. 9 


3100 


27. 5 


36 


0. 1 


0. 7 


0. 1 


0. 1 


0 




B 


1 


3150 


25.4 


37 


0. 38 


0. 55 


0. 005 


0.065 


0 




B 


1 


2750 


50. 1 


38 


0. 38 


0. 55 


0. 065 


0. 005 


0 




B 


1 


2780 


47.4 



o . 



[oo73] m i — 3 j: <9 . ^mm^&^mrfzmm&m 

5 — 7 . 1 6 — 24. fcctt>'3 O — 3 6 T? 

m^^n ^m^^m^m 4 o ^ m^m^tt^ ^nr^ 
^>o ^tL(d^L, mz&mti u-c ( T i A 1 ) NflH. T i 

NflH. fcit/T i CNII^MttNo. 1 — 3. i3 

f^.^^Z^m^&m^r^-^L^> N o . 4. 8 — 15. 25 — 2 
9. 3 7fcJ;053 8li N ^^HV 2 9 O O^Ttt 

[0074]E]7 — 9f*. (A 1 , Cr, V) NflH. 

(Ts/T, A 1 , C r , V) NflH. ioitl' ( T i , A 1 , C 4 

HtNo. 4 — 3 8 cr>mifaffl&?r:l^fc^co-T?&>K> . El 7 

— 9 cpcom hi cjcom^mk^mi£rL&mmi-&^zgmc7>mm 

^^^>^-^^<75fBiaF*atc:fcSN o . 5 — 7. 16 — 2 
4. fcj;t>'3 0-3 El 7 — 9 td-C^-C^r^^S^: 

l§P^^«^m^^^7^$^^N o. 4. 8. 11— £ 



1 5 jo J; 0 2 5 — 2 9 <t U-C^^ffi€^<^^u ^ ^ c7) ,t 

^oTiJf?, El 7 — 9 fci-c@)io«±:Tj?o-e^^^b-S 

^ U U ^^c^m^ctQia rtt^fcS N o . 6. 7. 19 — 2 
2*3 J:t> 3 3 — 3 6 #N^(-5^^^ s r^ < . fl6=«*&l* 

I O O 7 5 ] C^JS0iJ 2 ] fIuBB El 1 tdT^-r A I P 

mW&>J7 y— Kl- [Al, Cr, V] ^T^f^C [M (T 
i . N b . W. T a . MoW 1 SffiJL^Jb) , A 1 , C r , 

v] yj^^>^^^^^~^ > h &j&<o ton, £<b^. 

t - ^- r*»S#:wM^ 5 O O °CtviiAPmv ^#Sf<t: 
i 5 1 O O — 1 50 V GOs<^ t ^mj^&^sWL 

e p m a ^ j; «9 ^'jr Lfc 0 &mcp c^&m^cm . -m. 
mis jzxj^mMiSJL^^^m^o^mmi^^ mm^ 1 a t %^ 

[ O O 7 6 ] 



( 12 ) 



2003 — 34859 

22 



[^4 ] 



No. 




t) 




5t ( 1 ) C£H£* 


5SJ^ 
(HV) 


(Mm) 


M 1 


Al 


Cr 


V 


c 


N 


39 




0.75 


0. 15 


0. 1 


0. 1 


O. 9 


B 


1 


3100 


27. 5 


40 




0. 75 


0. 1 5 


0. 1 


0. 3 


0. 7 


B 




3020 


31 . 4 


41 




0.75 


0. 15 


0. 1 


0.4 


0. 6 


B 




301 0 


31 . 9 


42 




0. 75 


0. 1 5 


0. 1 


0. 6 


0. 4 


B 




2750 


50. 1 


43 


0. 1 


Ti , Nb 


0. 7 


0. 1 


0. 1 


0. 1 


0. 9 


B 




3150 


25. 4 


44 


0. 1 


Ti.Nb 


0. 7 


0. 1 


0. 1 


0. 3 


0. 7 


B 




3040 


30. 3 


45 


0. 1 


T i , Nb 


0. 7 


0. 1 


0. 1 


0.4 


0. 6 


B 




2950 


35. 3 


46 


0. 1 


Ti , Nb 


0. 7 


0. 1 


0. 1 


0. 6 


0.4 


! B 




Z750 


50. 1 


47 


0. 1 


Ti 


0. 7 


0. 1 


0. 1 


0. 1 


0. 9 


B 




3100 


27. 5 


48 


0. 1 


Ti 


0. 7 


0. 1 


0. 1 


0. 3 


0. 7 


B 




3050 


29. 8 


49 


0. 1 


Ti 


0. 7 


0. 1 


0. 1 


0. 4 


0. 6 


B 




2950 


35. 3 


50 


0. 1 


Ti 


0. 7 


0. 1 


0. 1 


0.6 


0. 4 


B 




2700 


54. 9 



i - &^ms&tjaB$<o&ttm<&fm^kki*Mttmif&i3n* 

[ O O 7 7 ] M 4 «£ 9 . ^^P^co^^^y^^ci-r^fl^^r^ 
• — -Y >^'LfcN o . 39—4 1. 43—45. ^5<^TJ? 
4 7~4 9(7)^^ K^/Ki, ^JIH^^C. N<7)£gJ5&.fct7^ 
^ c^^^tEH^^-fe ^, N o . 42. 4 6 ^3 7 "C^ 5 O 

[ o o 7 s ] immm 3 : ^ 5 ~ 7 ^ -ngtm \&>x -o^ 

Slw^ig^^^^x y K ^ 1 O mm. 2 



#cjo) _tt^?f^i_7^ 0 mm<^i±Jfte, mm^^m=^- ^ f 

5 yuj^ic. ^ 5 — 7 Sdj^fr-t^^jgil 1 „ t^^^5— 7(C*J 

n z> Bzm 2 ^ Jin t^. ^5 — 7 ^^-r^^r^s^^ 
mm\^*^ 0 ^.rLi^^^M^m 5 — 7 ^^ia-rs D 

[ O O 7 9 ] 
[*:5 ] 



No. 


azm 1 36 


&.m 1 <omm 

(Min> 


mm 2 * 


Bzm 2 <z>mm 

(Mm) 






51 


Ti (C 0 . 5 N o . 5 ) 


0. 05 


AlCrVN 


0. 05 


30 


31 


5Z 


TiC 


0. 5 


AlCrVN 


2.5 


2 


33 


53 


Tio.sAI0.5N 


0. 5 


AlCrVN 


2. 5 ! 


2 


32 


54 


Tio.5Alo.5N 


0.05 


AlCrVN 


0. 05 


30 


34 


55 


Tio.5Alo.5N 


O. 005 


AlCrVN 


0.005 


300 


33 1 


56 


Ti N 


0. 5 


AlCrVN 


2. 5 


2 


34 


57 


TIN 


0.05 


AlCrVN 


0. 05 


30 


35 


58 


TiN 


0. 005 


AlCrVN 


0. 005 


300 


34 I 


59 


T i 0. s A 1 0. 5 


0. 01 


AlCrVN 


3 


2 


35 


60 


Ti 


0. t 


AlCrVN 


3 


2 


34 


61 


Cr 




A ICrVN 


Z 


2 


37 


62 


AlCrVN 


1 . 5 


A lo.7sCr 0 tjVo 12 N 


1 . 5 


2 


37 


63 


AlCrVN 


0. 05 


A lo_ T7-Cr 0 _ 11 V B . 12N 


0. 05 


30 


34 


64 


AlCrVN 


0. 005 


A 'o.77Cr 0 . u V 0 , 12 N 


0. 005 


300 


33 



^■•■AICrVN<AI :Cr:V=75:15: 10) 



[ O O 8 O ] 



( 13 ) mm 2003 — 34859 



23 24 



No. 




1 CQHSSHE 
(/Am) 


&m 2 


jsjyrt 2 comm. 






65 


Ti <C 0 5 N 0 . 5 ) 


0. 05 


TiTaAICrVN 


0. 05 


30 


30 


65 


TiC 


0. 5 


T i TaA 1 CrVN 


2. 5 


2 


32 


67 


Ti 0 _ 5 Alt,. 5 N 


0. 5 


T i TaA 1 CrVN 


2. 5 


2 


31 


68 


T i o. 5 A 1 0- 5 N 


0. 05 


T i TaA 1 CrVN 


0. 05 


30 


33 


69 


Ti 0 5 A 1 o 5N 


0. 005 


T i TaA 1 CrVN 


0. 005 


300 


32 


70 


TiN 


0.5 


TiTaAICrVN 


2. 5 


2 ! 


33 


71 


TiN 


0-05 


TiTaAICrVN 


O. 05 


30 


34 


72 


TiN 


0. 005 


TiTaAICrVN 


0. 005 


300 


33 


73 


T i D _ 5 A 1 o. 5 


0-01 


TiTaAICrVN 


3 


2 


34 


! 74 


Ti 


0. 1 


TiTaAICrVN 


3 


2 


33 


I 75 


Cr 


1 


TiTaAICrVN 


2 


2 


36 


76 


TiTaAICrVN 


1.5 


T »o. 03 Ta O. 07*1 o. 7Cr 0< 08^0. 12N 


1.5 


2 


36 


77 


TiTaAICrVN 


0. 05 


T i 0. 04 T *a. 06 A 1 0. 73C r 0 . 0 /-V 0 . iN 


0. 05 


| 30 


33 


78 


T i TaAl CrVN 


0- 005 


Tip. 04Ta 0 p 6 A 1 0 73 C r 0 Q7 V 0 ,N 


0. 005 


300 


32 



--Ti TaA I CrVN (TI :Ta:AI : C r : V=5 : 5 : 70 : 1 0 : 10) 



[ o o 8 1 ] im 7 ] 



mm 

No. 


JEfcM 1 ** 


Bzm 1 <omm 

( ll m) 




(wm) 




(Mm) 


79 


T i CC 0 5 N 0 . 5 ) 


0. 05 


Ti AlCrVN 


0. 05 


30 


29 


80 


TiC 


0. 5 


TiAICrVN 


2. 5 


2 


31 


81 


T i p_ 5A 1 p, 5N 


0. 5 


Ti AlCrVN 


2. 5 


2 


30 


82 


Ti p. S A 1 0. 5 N 


0. 05 


TiAICrVN 


0. 05 


30 


32 


83 


Ti'o-sAIq.sN 


0. 005 


TiAICrVN 


0. 005 


300 


31 


84 


TiN 


0. 5 


TiAICrVN 


2. 5 


2 


32 


85 


TiN 


0. 05 


TiAICrVN 


0. 05 


30 


33 


86 


TiN 


0. 005 


TiAICrVN 


0. 005 


300 


32 


87 


T i 0. 5A 1 0. 5 


0. 01 


TiAICrVN 


3 


2 


33 


88 


Ti 


0. 1 


T i AlCrVN 


3 


2 


32 


89 


Cr 


1 


T i AlCrVN 


2 


2 


35 


90 


T i A 1 CrVN 


1 . 5 


T 1 o. | A 1 7 C r a obVq_ 1 gN 


1 . 5 


2 


35 


91 


T i A I CrVN 


0. 05 


T i 0. 1 A 1 p. 73 C r 0 _ ot^o. iN 


0. 05 


30 


32 


92 


T i A 1 CrVN 


0. 005 


T i p. 1 A 1 Q T3 C r 0 _ ot v d. iN 


0. 005 


300 


31 



-TiAICrVN (T i :AI :Cr:V=10:70: 10:10) 



[008 2 ] ^5~7WNo. 5 1—9 2J^<9. WW}ZS1 

mw^m-xs^m^m^ ^ o u n*?ii:»f'M«ftt4^ 

I O O 8 3 ] [»F>1 4 ] &^^A 1 : 7 5 a t % . C 
r : 1 5 a t%. fcit/V : 1 O a t. %<7}^ttyd BLWk^ 
f tfiT i : 5%. Ta : 5 a t A 1 : 7 O a t 

%. Cr : 1 O a t *Ji^V : 1 O a t %c7}^£#j 

^flJI. ^ 7^f^T i : 1 O a t % % A 1 : 7 O a t %. C 
r : 1 O a t jej^T^V : 1 O a t % (75 flU 

7^mE^ 3 O V~4 
O O V. MS CM^S-f*:) GOtm.f^&: 3 O 0°C~ IOOO 



°C. *5 J: TJ\^/^;*7 ^^fc S ^Pft;*/^ CQ/±7J £r O . 3 — 7 
^tm=c- ^ K 5: >^ (ifc^lOmm. 2^fc^D) _t^7T^^c U 

mite (A 1 , Cr, V) N^lZl^VN-Cf^;^ 8 fC, AtjfE 
(T i , Ta, A 1 , Cr, V) NII^oV^TfiS 9 
40 (C, Jc^ftuBE (T i , Al, Cr, V) NM^-oV^T^i 

[ O O 8 4 ] 



( 14 ) 



[0 08 5 ] 



[ O O 8 6 ] 



[^9 1 



i o ] 



[008 v ] ^8 — i o j:<9, 2£3£J3E<^»4=£rfit&*i-t-N 
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26 





A* <4TjL?Br+ : 




Fs JC?J -ff 








No. 


(V) 




(Pa) 




Chv) 




93 


30 


500 


2. 66 


H + B 


2700 


54. 9 


94 


1 oo 


500 


2. 66 


B 


2 900 


38. 4 


95 


1 50 


500 


2. 66 


B 


3 1 00 


27. 5 


96 


200 


500 


2 66 


B 


3 1 00 


27. 5 


97 


400 


500 


2. 66 








98 


1 00 


250 


2. 66 










99 


100 


450 


2. 66 


B 


3200 


23. 5 


1 00 


100 


550 


2. 66 


B 


3150 


25. 4 


101 


100 


650 


2. 66 


B+H 


3100 


27. 5 


102 


100 


750 


2. 66 


B+H 


3050 


29. 8 


103 


100 


10D0 


2. 66 


B+H 


2850 


41. 9 


104 


150 


600 


0. 3 


B 


2650 


60. 3 


105 


1 50 


600 


1. 33 


B 


2950 


35. 3 


106 


1 50 


600 


5. 2 


B 


2900 


38. 4 


107 


150 


600 


7 


B 


2900 















mm 


J3^*£*S j 


No. 


(V) 


CC) 


(Pa) 




(HV) 


Cum) i 


108 


30 


500 


2. 66 


H+B 


2750 


50. 1 


109 


100 


500 


2. 66 


B 


2 9 50 


35. 3 


110 


150 


500 


2. 66 


B 


31 00 


27. 5 


11 1 


200 


500 


2. 66 




31 00 


27. 5 


112 


400 


500 


2. 66 








113 


100 


250 


2. 66 








114 


100 


450 


2. 66 


B 


3100 


27. 5 


115 


100 


550 


2. 66 


B 


3100 


27. 5 


116 


100 


650 


2. 66 


B+H 


3050 


29. 8 


117 


100 


750 


2. 66 


B+H 


3000 


32. 4 


118 


100 


1000 


2. 66 


B+H 


2800 


45.8 


119 


1 50 


600 


0. 3 


B 


2600 


66. 3 


120 


150 


600 


1. 33 


B 


3000 


32. 4 


121 


1 50 


600 


5. 2 


B 


2960 


34. 7 


122 


150 


500 


7 


B 


2900 





mm 














No. 


CV) 


<°C) 


(Pa) 




(HV) 


( Atm) 


123 


30 


500 


2. 66 


H+B 


2600 


66. 3 


124 


100 


500 


2. 66 


B 


3100 


27. 5 


125 


1 50 


500 


2. 66 




3100 


27. 5 


126 


200 


500 


2. 66 




3050 


29. 8 


127 


400 


500 


2. 66 








128 


100 


2 50 


2. 66 








129 


100 


450 


2. 66 


B 


3200 


23. 5 


130 


100 


550 


2. 66 


B 


3100 


27. 5 


131 


100 


6 50 


2. 66 


B+H 


3050 


29. 8 


132 


100 


7 50 


2. 66 


B+H 


3000 


32. 4 


133 


100 


1000 


2. 66 


B+H 


2800 


45. 8 


134 


1 50 


600 


0. 3 


B 


2670 


58. 1 


135 


150 


600 


1. 33 


B 


3100 


27. 5 


136 


50 


600 


5. 2 


B 


3050 


29. 8 


137 


1 50 


600 


7 


B 


2950 





o. 9 4 — 96. 9 9 ~ 1 O 2 . 1 O 5 . 1 O 6 . lO 
9 ~ 1 1 1 . 114 — 117. 1 1 9 — 1 2 1 . 124 
— 12 6. 129—1 32. 1 35*50:1^136^. N 
o. 93. 97. 98. 103. 104. 107. lO 
8. 112. 113. 118. 122. 123. 12 
7. 128. 133. 134*3 c fcO i 13 7<!r £bt& L~C. 



So 

[ O O 8 8 ] [^*Ol0iJ 5 ] ^ — f -y V W^g^^fJ^-^^FM 
[ O O 8 9 ] -^r^L-^f^L 1 O O ^ «y =u\2kT cn>T i 



27 

I^U. : 9 O 0 0 C^^o/±^l : 8 X 1 O 7 P a C7>^M4= 

-en i p M^ftoT, ^ 1 i — i3 {d^-r=s-^^*a^ 

I CP-MSt«Lt 0 *7^^t>^7^^— tfs* hen 
[ O O 9 O ] ^#^^7^B€W^M^»^^m^^A P S T?^IJ 
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— 13 t^^lE-t-So 
O : 4 O /z m^c?fS! 

x : mmm^ 4 o u m^_t 

[009 1 ] 
[3^ 1 1 ] 



mm 

No. 








mm -*<x 






sk am 






A1 


Cr 


V 


Al 


Cr 


V 


1 38 


0. 55 


0- 2 


0. 25 


99. 8 


<0. 3mm 




0. 53 


0. 21 


0. 26 


O 


13S 


0. 65 


0. 2 


0. 15 


99. 5 


<0. 3mm 




0. 63 


0. 21 


0. 16 




140 


0. 75 


0. 1 


0. 1 5 


99 


<0. 3 mm 




0. 73 


0. 11 


0. 16 




141 


0. 55 


0. 2 


0. 25 


97 


<0. 3mm 




0. 53 


0. 21 


0. 26 




142 


0. 65 


0. 2 


0. 15 


96 


<0. 3mm 




0. 63 


0. 21 


0. 1 6 




143 


0. 75 


0. 1 


0. 15 


94 


0. 3mmiU_t<7> 
_S?L=ff *J 




0. 73 


0. 11 


0. 16 


X 


144 


0. 55 


0. 2 


0. 25 


93 


0. 3mmJil_bcO 




0. 53 


0. 21 


0. 26 


X 


145 


0. 65 


0. 2 


0. 15 


94 


<0. 3mm 




0. 63 


0. 21 


0. 16 


X 


146 


0. 75 


0. 1 


0. 15 


90 


0. 3mraiil_t<7> 
*J 




0. 73 


0. 1 1 


0. 16 





[ O O 9 2 ] 



[^12] 



3*Mk 
No. 




Fl^ < 














5& 






M 


Al 


Cr 


V 


M 


Al 


Cr 


V 


147 


0.1 : TuHb 


0. 55 


0. 1 5 


0. 2 


99. a 


<0. 3mm 




0. 1 


0. 5 


0. 2 


0. 21 




148 


0. 2 ! Ti , Ta. Nb 


0.55 


0. 1 


0. 1 5 


99. 5 


<0. 3mm 




0. 2 


0.5 


0. 1 


0. 16 




149 


0.25 ! Nb.Ta 


0. 67 


0. 05 


0. 03 


99 


<0. 3mm 




0. 3 


0. 7 


□ . 1 


0. 04 




150 


0.14; Ti , Mo 


0. 63 


0. 1 1 


0. 1 2 


97 


<0. 3mm 


&m 


0. 1 


0. 6 


□ . 1 


0. 1 3 


L — 8— 


151 


0.07 1 Nb, Mo 


0.7 


0. 1 2 


0. 1 1 


96 


<0. 3mm 




0. 1 


0. 7 


0. 1 


0. 1 2 




1 52 


l 

0. 1 : Ti , Ta 


0. 76 


0. 07 


0. 07 


94 


0. 3mmJU_b 




0. 1 


0. 7 


0. 1 


0. 08 


X 


153 


0. 1 [ Ti . Nb 


0. 7 


0. 1 


0. 1 


93 


0. 3mmlU_b 




0. i 


0. 7 


0. 1 


0. 1 1 


X 


154 


0.28 i Ti.Nb 


0. 65 


0 


0. 07 


94 


<0. 3mm 




0. 3 


0. 6 


0 


0. 08 


X 


155 


0.28 i Ti,Ta 


0. 65 


0. 07 


0 


90 


D. 3mml^_b 




0. 3 


0. 6 


0. 1 


0. 01 





[009 3 ] 13] 



No. 




FJ:t> 














Ti 


Al 


Cr 


V 


Ti 


Ai 


Cr 


V 


156 


0. 1 


0. 55 


0. 1 5 


0. 2 


99. 8 


<0. 3mm 


55 


0. 1 


0. 53 


0. 16 


0. 21 






157 


0. 2 


O. 55 


a. 1 


0. 15 


99. 5 


<0 . 3mm 




0. 2 


Q. 53 


0. 1 1 


0. 16 






158 


0. 25 


0. 67 


O. 05 


0. 03 


99 


<0. 3mm 


51 


0. 25 


0. 65 


0. 06 


0. 04 




159 


0. 14 


0. G3 


0. 1 1 


0. 12 


97 


<0. 3mm 




0. 14 


0. 61 


0. 12 


0. 1 3 




160 


0. 07 


0. 7 


O. 1 2 


0. 1 1 


96 


<0. 3mm 




0. 07 


0. 68 


0. 13 


0. 12 


0 


161 


a. 1 


0. 76 


0. 07 


0. 07 


94 


0. 3minm_t<SQ 




0. 13 


0. 66 


0. 08 


0. 1 3 


X 


162 


0. 1 


0. 7 


0. 1 


0. 1 


93 


0. 3mmJU_b.CE> 




0. 1 3 


0. 6 


0. 1 1 


0. 16 


X 


163 


0. 25 


0. 67 


0. 05 


0. 03 


94 


<0. 3mm 




0. 28 


0. 57 


0. 06 


0, 09 


X 


164 


0. 14 


0. 63 


0. 1 1 


0. 12 


90 


0. 3mmiUJ_OT5 
^5L^U 




0. 17 


0. 53 


0. 12 


0. 18 





29 

[0094]Sll~13J:f9,No. 138—14 
2 . 14 7 — 151. $3J^ZJZ 1 5 6 — 1 6 O f3:. 

ZL hi fi*lfrrt*& 0 -^{ZLM U. No. 143 — 146. 1 
52—1 55. *3J;^1 6 1 — 1 6 4 fl£. h CO 



( 16 ) 4#HH 2003 — 34859 

30 

(®?^. 7*c5?f. i@*JJ;0v^i/r>A) co^-^fi 

[ o o 9 6 ] ^i4 ^ ^ 

j^^j 5 hi mmcojjm^i^m i^t~ 0 mt=>^t-&—^ ^ bco 

^^i^fiV^tlt 9 9%J^±1:\ O. 3 mm^±(7)^ 
t^&—sf » V ^fflV>, 1 "efsfeffl L,/-' A I P^»- 

V ^co^m*&0CO^mm\-±, I C P - MS-CS"J^ Lfc 0 l£ 



[0 0 9 5] C^*fe^J 6 ] ^fef^^— h*$*cr>' 



t- 0 ^.tv^co^m&m i 4 tciwfe-t-^o 

[ O O 9 7 ) 
[^14] 



mi* 

No. 




Y-m&z cms 


%> 




M 


A 1 


Cr 


V 


0 


H 


Cf 


Cu 


Mr 


1 65 


1 2. 69 


Ti 


39. 30 


20. 66 


26. 98 


0. 28 


0.02 


0. 03 


0. 03 


0. 01 




1 66 


25. 56 


Ti 


39. 60 


13. 88 


20. 39 


0. 31 


0.03 


0. 17 


0. 04 


0. 02 


^^^^^ 


167 


34. 95 


Ti 


52. 75 


7. 59 


4. 46 


0. 07 


0.01 


0. 14 


0. 01 


0. 02 




168 


18. 79 


Ti 


47. 64 


16. 03 


17. 1 3 


0. 22 


0.05 


0. 08 


0. 03 


0. 03 


il 


169 


9. 82 


T 




55. 30 


18. 27 


16. 41 


0. IO 


0. 03 


0. 04 


0. 03 


0. 01 




170 


14. 67 


T 




62. 78 


11.14 


10. 92 


0. 26 


0. 02 


0. 1 5 


0. 05 


0. 01 


ii 


1 71 


14. 03 


T 




55. 33 


15. 23 


14. 92 


0- 28 


0.04 


0. 12 


0. 02 


0. 02 


gg 


172 






38. 98 


27. 31 


33. 45 


0. 14 


0. 04 


0.03 


0. 04 


0. 01 




173 






49. 06 


29. 09 


21. 37 


0. 23 


0.01 


0. 19 


0. 03 


0. 02 


— »- 


174 






60. 87 


15. 64 


22. 99 


0. 33 


0.02 


0. 13 


0. 01 


0. 01 




1 75 


1 7. 53 


Ti , Nb 


36. 94 


19. 42 


25. 36 


0. 52 


0. 03 


0. 14 


0. 04 


0. 02 




1 fb 


33. 69 


1 1 , Nb 


3S>. 4U 


12. 41 


18. m ZS 


U. 1 b 


U. ur 




U. UJ 


U. U 1 




177 


43. 97 


Ti , Nb 


45. 16 


6. 49 


3. 82 


0. 24 


0.01 


0. 2S 


0. 01 


0. 02 




178 


25. 36 


Ti , Nb 


43. 73 


14. 72 


1 5. 73 


0. 30 


0. 03 


0. 06 


0. 07 


0. 01 




179 


13. 75 


Ti , Nb 


52. 71 


17. 41 


1 5. 64 


0. 28 
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